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SUMMARY AND CONCLUSIONS 
1. Determination of absolute purity in small seeded 
grasses with multiple florets, such as bluegrass, is possible 
experimentally but is a practical impossibility and when ap-
plied by different seed laboratories results in variations 
much greater than may be expected from homogen~ous sub-
samples of seed. 
2. A close approximation of pure bluegrass seed may be 
obtained by a modified method of procedure which involves 
separation of unattached infertile florets or infertile spike-
lets from fertile florets by means of a uniform speed motor . 
and fan and a vertical air blast separator of the Holland type. 
The only hand labor involved is that .of removing pieces of 
stem, grit, stones, weeds and other crop seeds from the heavy 
portion. A glass tube of the Kny-Scheerer type may be 
eqll~lly satisfactory, but breakage is too frequent. 
3. Application of the chi-square test to four or more sub-
samples drawn from the same lot and analyzed by the modi-
fied method shows that, in general, the percentages of heavy 
and pure seed fractions fall within the range of natural varia-
bility, thus indicating that the uniform speed motor and fan 
provide a reasonably constant air pressure. 
4. Uniform performance of the motor and fan was also 
demonstrated by germination tests of the pure seed frac-
tions from duplicate sub-samples of seven different lots in 
which no significant differences in germination of the repli-
cates were obtained. 
5. An additional evidence of uniform performance of the 
motor and fan was noted in the fairly uniform number of 
normal sprouts obtained in the inert fractions of samples 
having different weights per bushel. 
6. Samples ranging in bushel weight from 16 to 27 pounds 
responded similarly to the same treatment thereby suggest-
ing that weight per bushel for the samples studied was con-
trolled more by the amount of empty florets present than by 
immature or light weight seed. Seed weighing 10 pounds 
required a stronger air blast than did heavier seed in order 
to remove infertile florets, although possibly a longer time 
at the standard opening might accomplish the same result. 
7. Eight seed laboratories using the modified method of 
procedure, each with a similar sub-sample previously blown 
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to aid in calibration of each blower, obtained purity percent-
ages within the range of natural variability. 
8. The adoption of the modified method of analyzing blue-
grass for purity would involve the following: 
a. Installation of a standard control machine in a lab-
oratory where frequent checks on samples could be 
made for all laboratories with similar equipment. 
b. Purchase of a scale and use of graduated vials for 
determining weight per bushel of small samples. 
c. Acceptance of the principle of approximate purity 
by a uniform method of procedure as a substitute 
for the ideal of absolute purity. 
d. Regular examination of pure seed remnants with a 
binocular or reflected light to check the reliability 
of the fan. 
9. The use of a standard method of procedure based on the 
principle of separation of fertile and infertile florets by air 
pressure, as developed and maintained by a uniform speed 
motor, would solve one of the most difficult labeling and 
analytical problems now faced by the seed trade and seed 
analysts, respectively, and in addition provide uniform pure 
I"eed fractions for germination, which should automatically 
reduce some of the differences obtained in germination 
tests. 
10. Germination tests of non-fresh seed of bluegrass rep-
resenting 15 different lots each in quadruplicate indicate 
that sterile sand in petri dishes saturated with distilled water 
furnishes a slightly superior sub-stratum to filter paper 
moistened with distilled water or with .2% KN03 solution. 
Limited trials with copper tl'aYs equipped with wicks to 
maintain a constant supply of water indicate that they are 
equal to sand. 
11. Total germination of bluegrass seed from 15 lots was 
significantly higher on sand than on filter papers at 10, 15 
and 20 days after the te$ts were started. Mean germination 
at the end of 15· days on sand was practically equal to that 
on filter papers at the end of 28 days. 
Experiments with Modified Techniques 
for the Determination of Purity 
and Viability of Bluegrass Seed, 
Paa Pratensis L.l 
By R. H. PORTER' 
In a recent paper Brown and Porter (2) described a ' 
method of making purity analyses of bluegrass seed, which 
separated fertile and infertile florets almost entirely by 
means of a constant speed motor and fan connected to a ver-
tical air blast separator. High, intermediate and low purity 
lots were used. The results obtained by the modified 
method were far more uniform than those reported by seed 
analysts in eight seed laboratories using the official method 
with similar sub-samples of seed. By the use of the modi-
fied method the difference in extremes of purity of similar 
sub-samples was much less than by the official method. The 
accuracy of separation was ehecked by placing the inert 
material under conditions favorable for germination to deter-
mine the number of normal sprouts in the inert fraction for 
which a purity correction was made. 
The possibility of obtaining more uniform results in purity 
analyses of bluegrass by modifying the official method was 
recently reported by the author (6). Twenty-six seed 
analysts obtained much less variation in the purity of similar 
sub-samples from a low grade sample after calibrating their 
blowing equipment by means of a sample sent from the Iowa 
Laboratory than by the use of the official method. The re-
sults of referee tests with bluegrass, using air pressure to 
separate infertile from fertile florets, have been encouraging 
even though most laboratories have difficulty in obtaining 
uniform air pressure at any given opening of the air valve. 
Extreme differences in purity tests of bluegrass samples 
from the same lot are disadvantageous to both the seed trade 
and seed analysts, hence the need for a more uniform method 
of procedure. 
1 Project 86 of the Iowa Agricultural Experiment Station. 
2 The writer is indebted to Dr. C. W. Legg"tt for the suggestion that the dial open-
ings be graduated from a low to a high, to Prof. G. W. Snedecor for suggestions in 
applying the chi-square test to this problem and to Mr. Wayne Robbins for his pain-
staking assistance in the details of the analyses. The draw ing for fig. 1 was made 
by Mis" Marie Corkle. 
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Of equal importance is the development of a more uniform 
method of determining the viability of bluegrass seed. One 
of the major causes of wide differences in germination of 
bluegrass seed, as determined by different seed laboratories, 
is unquestionably the presence of unequal amounts of in-
fertile florets in the fractions separated as pure seed. On 
the basis of a I-gram sample used for a purity analysis, the 
presence of each milligram of infertile florets in the pure 
seed fraction would increase the purity one-tenth of 1 per-
cent, yet the number of florets added to the pure seed frac-
tion would be from two to three times the number of fertile 
florets in an equal weight. Since viability is based on ran-
dom selection of seeds from the pure seed fraction, the 
presence by weight of variable amounts of infertile florets 
more than proportionately decreases the percentage of ger-
mination from that obtained when seed of absolute purity 
is used. Until a uniform method of purity is developed uni-
form results of germination cannot be expected. 
In addition to uniformity of germination there is the need 
for a shortened duration of time to indicate the viability of 
a sample. Present rules require 28 days before a final read-
ing can be given, hence any appreciable reduction in time 
for determining an indication of viability should be desirable. 
The experiments herein reported deal with (a) variations 
in sub-samples of seed lots representing different weights 
per bushel, (b) variations in samples furnished by vendor 
and purchaser from the same seed lot, and (c) germination 
of bluegrass seed on different substrata and necesRary 
duration of time for a determination of viability. 
MATERIALS AND METHODS 
The bluegrass samples used in the experiments herein re-
ported were all obtained from seed houses that handle sev-
eral different grades of bluegrass seed. Bushel weights of 
the 17 samples used ranged from 10 to 27 pounds. Not less 
than 4 nor more than 10 sub-samples were drawn from each 
bulk sample except in the preliminary trials with samples 1 
and 2 when 70 sub-samples of each were studied by using the 
old improvised blower unit to make the separations. Sub-
samples were obtained by first subdividing the bulk sample, 
using the modified Boerner Sampler, until a given weight of 
seed, usually about 16 grams, was obtained. Each 16-gram 
sample was then subdivided into 16 sub-samples from which 
4,5,6 or 10 were selected at random and treated as separate 
entities. 
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Each sub-sample was weighed, placed in the base of the 
smallest tube (2.8 cm. in diameter) of the Holland air blast 
separator and the air blast allowed to pass through at a dial 
opening previously determined as one at which the air blast 
or air pressure would be such as to give the most accurate 
separation of fertile and infertile florets. Naturally the dial 
opening was not the same for each fan used. The first blow-
ing was continued for 10 minutes at the desired opening ex-
cept as described later when the new fan and motor unit was 
used. 
Great care was exercised to prevent loss of any portion 
of a sample during any operation, and the original and final 
'weights as recorded in several tables indicate that relatively 
little material was lost. Weighings were always made 
promptly following the completion of any operation, using 
a notched-beam chainomatic balance. 
Germination tests were made with the respective pure 
seed portions or with the inert fractions by several methods 
as described later. 
Statistical analyses of the data obtained were made by 
three methods, (a) standard deviation from the mean, (b) 
chi-square test' for homogeneity and (c) the "t" test, each 
method being used whenever it was deemed applicable. 
EXPERIMENTAL RESULTS 
VARIATIONS IN SUB-SAMPLES FROM MANY SEED' LOTS 
Samples from two lots of bluegrass seed were obtained 
from a seed company in November, 1936, one grown in 1935, 
the other in 1936. The weights per bushel were 16 and 24 
pounds, respectively. Approximately 256 grams from each 
sample were first weighed out, then each was subdivided by 
means of a modified Boerner Sampler into 256 sub-samples. 
From each group of sub-samples, 70 were selected at random 
and treated individually as follows: The sub-sample was 
weighed, placed in the base of the Holland air blast sepa-
rator and the air blast allowed to pass through at a dial 
opening of 21 for 10 minutes. The fan used was 8 inches 
in diameter and connected by a belt to a %<-horse power 
constant speed motor. 
At the conclusion of the 10-minute period, the portion 
which remained in the base of the tube was weighed and 
recorded. All of the material which was removed by the ail' 
blast was weighed and recorded as light. The percentage 
3 An excellent discussion of ch i-square is g iven in "Statistical Methods" by G. W . 
Snedecor, published by Colleg iate P ress, Ames, Iowa, 1937 . 
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TABLE 1. VARIATION IN BLUEGRASS SUB-SAMPLES AS .MEASURED BY AN 
IMPROVISED FAN OPERATED BY A CONSTANT SPEED MOTOR. 
Sample I Weight 
number per bushel I 
Number I M~an I P er- I Hi h_ 1 Low- I Stand.ard I . I sub- weIght cent g t devI- X' P 
samples grams heavy e st es ation 
1 I 16 lbs . 
2 I 241bs. I 70 I .912 I 80.5 / 84.4 / 77 .1 I 2.0 I 846.2 / .0002 _ 70 .97 3 96 .6 98.0 95.2 _ .71 569 .8 .0021 
heavy was next determined by dividing the total final weight 
of all ingredients into the weight of the heavy portion. At 
the conclusion of the experiment the mean percentage heavy, 
standard deviation and chi-square values were determined 
for each set of 70 sub-samples. The results are shown in 
table 1, from which it may be noted that the lowest and 
highest values for each lot are within a range based on a 
deviation of 2 x standard deviation either direction from the 
mean. The standard deviation, however; in this particular 
case does not necessarily show the actual inherent variability 
of the material but rather the variability of the results ob-
tained by the method of measurement employed. The chi-
square values give a probability of less than .01 for both sets 
of samples which suggests that either natural variation in 
bluegrass sub-samples is greater than the chi-square test 
indicates or the fan varied too widely in its delivery of air. 
Inasmuch as one pulley on the fan needed frequent adjust-
ment it is assumed that the major portion of the variations 
over and above those which are natural was due largely to 
inconstant speed of the fan or possibly in part to unequal 
adherence of fertile florets to infertile ones. The differences 
in extremes, however, are less than half those resulting from 
analysis of similar sub-samples by 26 seed laboratories using 
the official method of procedure (6). 
Following the completion of the experimental blowings 
with the 70 sub-samples from each of two lots referred to 
above, the motor was repaired and a third sample of blue-
grass seed was obtained from which 16 sub-samples were 
taken, each weighing somewhat more than 1 gram. Eight 
of the sub-samples were selected at random, and each was 
blown 10 minutes at the same vent opening (21). The weight 
and percentage heavy were determined and the two por-
tions placed in one envelope with the weights of "heavy" and 
"light" marked on the outside. Each of eight laboratories, 
including the Iowa State College Seed Laboratory, received a 
sub-sample with the request that it be weighed, placed in the 
laboratory blower and blown until the percentage heavy 
which remained was the same as obtained in the Iowa labora-
tory. Following the blower separation, each analyst re-
moved all pieces of stone, grit, straw, weed seeds and other 
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crop seeds, calculated the percentage pure and then tested 
some of the pure seed and all of the inert for germination. 
The data obtained from the above experiments are shown 
in table 2. The percentage heavy for each of the eight sub-
samples is based on the blower test made in the Iowa labora-
tory, and the mean percentage heavy was determined by 
dividing the total final weight of all samples into the total 
weight of the heavy portions. Similarly, the mean percent-
age pure was determined by dividing the total final weight 
nfter completion of each test into the total weight of pure 
seed for all sub-samples. 
Calculation of chi-square for the percentage heavy and 
percentage pure values was made, and the figure obtained 
was multiplied by 48, the assumption being that each per-
centage was based on 100 particles and each sub-sample rep-
resented approximately 1 gram or 4,800 seeds. A further 
assumption is that the inert particles average similar in size 
to the pure bluegrass seed. It should be noted that in each 
case the probability was above .05 from which it was con-
cluded that (a) the blower operated in a uniform manner, 
and (b) the sub-samples were obtained from a homogeneous 
lot of seed. The degree of uniformity in purity is further 
illustrated by the number of normal sprouts in the inert ma-
terial, the mean being 12 and the range 0 to 23. Apparently 
few fertile florets were blown intO' the inert matter, and 
since five normal florets are required to equal 1 milligram 
the effect on purity would be slight. 
In March, 1937, a new combination unit, single phase, con-
stant speed motor and fan illustrated in fig. 1 was installed. 
The fan was mounted on a wooden base, and a 3-inch heavy 
hose was attached direct to the fan leading to' a table above 
on which the air blast separator was mounted. A cone 3 
inches in diameter below and 1 inch in diameter above was 
TABLE 2. PURITY ANALYSIS OF BLUEGRASS BY EIGHT SEED LABORA· 
TORIES USING UNIFORM METHOD OF PROCEDURE. 
Labora-
tory 
1 
2 
3 
4 
5 
6 
7 
8 
Total 
Mean 
X' 
P 
I .. I . I Per- I Weight I Per- I Reduction I Number of Orl~l~al Weight cent on cent from nor~al ~eed-Welg t heavy heavy arrival pure I heavy . hngs In, 
mert fractIOn 
I 1.289 
I 
1.117 
I 
86.66 1.296 83.26 3.40 I 
_.0 ____
20 
1.143 .977 85.48 1.129 82.64 2.84 21 
I 1.339 1.126 87 .10 1.339 84.09 3.01 0 
I 
1.118 .956 85·.51 1.065 82.63 2.88 22 
1.210 1.039 
I 
85.87 1.203 82.79 3.08 10 
1.162 
I 
1.002 86.23 1.175 83 .19 3.04 6 
I 1.096 .950 86.68 1.118 83.90 2.78 3 1.460 1.271 87.05 1.440 84.50 2.45 12 
\ 
9.817 I 8.432 
I I 
9.76'5 I I 
95 
1.227 1.054 85.98 1.221 83.43 2.92 12 
I 12.96 12.96 .09 I .08 
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Fig. 1. The small tube of the Holiand Air 
Blast Separator. mounted with a uniform 
speed. single unit motor and fan such as used 
in the experiments described in this bulletin . 
inserted into the hose, 
the upper end of the cone 
leading into the small 
opening in the base of 
the separator. Prelimi-
nary trials indicated that 
the new fan developed 15 
to 20 percent more static 
pressure than the old one 
and that a final dial open-
ing at 18 gave the most 
accurate separation of 
fertile and in fer til e 
florets. By means of the 
new unit, a total of 17 
lots of bluegrass seed 
was tested using not 
more than 10 nor less 
than four sub-samples 
fro m each lot. The 
weight per bushel ranged 
from 10 to 27 pounds. 
The method of proced-
ure finally adopted was 
as follows: 
1. Each lot was 
weighed and subdivided 
until approximately 16 
grams were obtained as 
one portion. 
2. Sixteen sub - sam-
ples, each weighing ap-
proximately 1 g ram, 
were obtained by subdi-
vision of the 16-gram 
portion. 
3. After being weighed 
e a c h sub-sample was 
placed in the blower and 
subjected to the air blast 
2 minutes at a dial open-
ing of 16, 2 minutes at 17 
and 6 minutes at 18. 
4. The heavy and light 
weight portions were re-
99 
moved, weighed and the percentage heavy calculated. 
5. From the heavy portion of each sub-sample, all pieces 
of stone, grit, straw, other crop seeds, weed seeds and any 
inert matter other than empty bluegrass florets were re-
moved. 
6. The balance of the heavy portion was placed in the 
blower and subjected to an air blast at 17.5 for 5 minutes. 
Any material blown over was examinelil before it was placed 
with the inert. The number of fertile florets blown out was 
so small that the final purity would have been affected but 
little whether placed with the pure seed or with the inert. 
A final blowing at 18 may prove to be more reliable than at 
1'7.5, even though some fertile florets may be blown over 
at 18 when the volume of seed has been reduced. 
7. The heavy seed portion was finally examined for other 
species of Poa, after which weighings were completed and 
calculations made for percentage pure, inert, weed and crop 
seeds, respectively. 
The detailed data resulting from the analysis of 10 sub-
samples of lot 2 are given in table 3, showing the original 
weight, the weight of heavy and light, total final weight, 
the percentage heavy and the percentage pure. The mean 
values for original and final weight are of interest in that a 
difference of 2 milligrams was obtained. The chi-square and 
probability values for percentage heavy and percentage pure 
indicate homogeneity of the lot and uniform performance of 
the blower which may be considered as maintaining a con-
stant air pressure. The present tolerance formula approved 
by the Association of Official Seed Analysts would permit 
a difference of 1.14 between two purities based on the use of 
'I'ABLE 3. VARIATION IN BLUEGRASS SUB-SAMPLES AS MEASURED BY A 
SINGLE UNIT CONSTANT SPEED MOTOR AND FAN. SAMPLE 2. 
Sub- I Original I Weight Weight Total Percent I Percent I Reduction final from 
samples weight heavy light weight heavy pure heavy 
1 I 1.041 1.011 
I 
.026 1.037 97.49 95.18 2.31 
2 .980 .957 .020 .977 97.95 95.09 2.86 
3 1.016 .988 .025 1.014 97.44 94.87 2.57 
4 .980 .956 .022 .978 97.75 95.60 2.15 
5 1.000 .979 .020 .999 98 .00 95.89 2.11 
6 .918 .895 .021 .916 97.71 95.42 2.29 
7 .961 .935 .024 .959 97.50 95.30 
I 
2.20 
8 .927 .905 .020 .925 97.84 95.67 2.17 
9 1.009 I .984 .024 1.008 I 97.62 95.42 2.20 10 1.002 .977 .023 1.000 97.70 94.79 2.99 
Total I 9.834 I 9.587 .226 g.813 977.00 953.3 
I 
28.85 
Mean .983 .959 .023 .981 97.7 95.3 2.39 
X' 8.16 11.52 
P .50 .23 
Dlfferenc-a 
between 
('xtremes 1.10 
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the mean of 95.3 as one of the purities. Sample number 2, 
table 1, is the same as the sample in table 3. It is evident 
that the new motor performed much more uniformly than 
the old improvised unit. 
Table 4 contains the data obtained from analyzing 17 
lots using from 4 to 10 sub-samples. The chi-square and 
probability values indicate homogeneity for all lots except 
numbers 1, 12 and 16. The probabilities for lots 1 and 12 
are close to the arbitrary minimum of .05, and lot 16 con-
tained sweet clover, timothy :md alsike clover seeds which 
may have accounted for part of the variability. Practically 
all of the other lots contained few or no crop seeds. 
Sample 1 in table 4 is identical with sample 1, table 1. The 
uniformity of the results as shown in table 4 is, no doubt, 
due to the more uniform speed of the new motor and fan. 
The present tolerance formula of the Association of Official 
Seed Analysts would permit a difference of 5.7 from the 
purity value of 72.5 (sample 1, table 4), but such a deviation 
would give a probability value far below .01. The indications 
are, therefore, that the present tolerance formula of the As-· 
sociation of Official Seed Analysts is far too lenient for low 
purity samples of bluegrass or, stated in other terms, the 
variability among low purity samples of bluegrass is not so 
great as heretofore assumed. 
A further evidence of uniform perfonnance of the con-
stant speed unit is the percentage germination obtained by 
using the pure seed from two sub-samples from each of sev-
eral sa.mples selected at random. Four hundred seeds of 
each sub-sample were placed in petri dishes on top of moist 
sterile sand. The mean percentage germination of two sub-
samples from each of seven samples is given in table 4. In 
no case is the difference between two sub-samples signifi-
cant. 
The degree of accuracy of the constant speed fan in sep-
arating fertile and empty florets of bluegrass is high for 
samples ranging from 75 to 96 percent pure, when approxi-
mately 1 gram of seed is used in making the test. Further-
more, the data obtained thus far indicate that the same open-
ing of the dial may be used for all samples weighing 16 
pounds per bushel or more. (Note number of sprouts in the 
inert, table 4.) Many service samples ranging from 19. to 
24 pounds per bushel have been tested with similar results . 
Sample 17 in table 4, however, weighed 10 pounds per bushel. 
Final blowing of the heavy portion after removal of crop 
and weed seeds, grit and dirt at 17.5 was inadequate, but at 
18.5 the separation was found to be more accurate. The 
TABLE 4. PURITY ANALYSES OF BLUEGRASS BASED ON ' SEPARATION OF FERTILE AND EMPTY FLORETS BY A CONSTA~T 
SPEED MOTOR AND FAN. 
I Numbe,'I 
,Mean Mean Mean Dif- Germination two I No,.m~ll Weight 
Sample sub- origi- final pcr- ference suh-samples top of sand SpI'O~ S per nal cent in ex- . me bushel samples 
weight w eight pure tremes D~~~r- sla~~r; pounds X' p 
1 JO 1.093 1.093 72. 5 2.30 17.76 .04 I 4 I 16 
2 10 .933 .981 95.3 1.10 11.52 .23 I 15 I 24 
3 10 1.023 1.023 88.2 1.23 6.96 .65 74.0 73.8 .2 I 4 I 23 
4 10 1.06~ 1.063 87.3 1.75 11.04 .22 78.8 80.5 1.7 I 9 I 2211.. 
5 10 1.061 1.056 8 6.7 1.46 9.24 .40 75.0 78.5 R.5 I 3 I 21 
6 4 1.058 1.057 85 .7 .81 1.41 .70 81.8 79.0 2.8 I 6 I 21 
7 4 .975 .969 87.3 .99 2.55 .47 I 0 I 21 8 5 1.110 1.109 91.0 .6~ 2.05 .70 78 .5 78.0 .5 1 I 24 
9 5 1.093 1.092 91.3 1.34 8.71 .15 I 2 I 24 10 5 1.084 1.083 84.1 1.15 3.59 .45 68.2 71.0 2.8 5 I 21 11 5 1.041 1.040 8~.8 1.30 5.71 .22 I 2 21 12 5 1.065 1.065 85 .1 2.05 10.28 .04 64:5 6,1.5 1 I ? ' ,.... 
13 5 1.065 1.065 86.7 1.13 3. 12 .50 I 4 I 21 0 14 5 1.064 1.061 85.2 .77 1.26 .85 I 10 I ,.... 
15 4 1.145 1.142 86.6 loGO 5.42 .15 I I 21 16 6 .968 .966 96.7 1.00 I ~.44 .02 27 
17 4 1.080 1.080 69 .1 2.00 5.76 .13 I I 10 
Tot al 17.972 17 .94 5 ' 118 .31 ---1---1 
Mean 1.057 1.055 6.97 I I 
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reason for the above variation in performance is not clear, 
but two possibilities are suggested; first, a gram of blue-
grass seed with a low test weight per bushel has a larger 
volume than a gram from a heavy sample, a condition which 
greatly increases the number of particles to be moved by the 
air blast in the first blowing; and second, more immature 
florets may be present in seed with a low test weight, flor-
ets which are not removed as readily as empty ones at a dial 
opening of 17.5 or 18. The value of such florets is question-
able, and with low quality samples the use of the improved 
method may be less dependable. At any. arbitrary setting of 
the dial, however, the results obtained may be far more uni-
form than by the official method of analysis. The final 
purity determined for sample 17 was about 58 percent, based 
on final blowing at 18.5 in place of 17.5 as for all the other 
samples. It is possible that a longer period of blowing may 
be required for low purity samples at the initial blowing of 
18.0 because of the larger number of florets to remove and 
the larger number of particles in the sample. 
Absolute purity of bluegrass or of many other grasses is 
impossible in practice, hence any method which gives a uni-
form result within 1 or 2 percent of what might be absolute 
purity is preferable to the present official method' as actually 
applied by seed laboratories. 
VARIATIONS IN TWO SEPARATE SAMPLES FROM LARGE 
SEED LOTS 
Differences in analyses obtained by different seed labora-
tories may be due to improper blending or improper 
sampling, with the result that a sample furnished by the 
vendor might be different from that obtained by the pur-
chaser. In February, 1937, two samples of bluegrass were 
received, one from the vendor, the other from the purchaser. 
Duplicate sub-samples were drawn from one sample, tripli-
cate from the other, and all were tested by the method herein 
described, using the old motor and fan. The data obtained 
are shown below: 
Sample 
Vendor 
Purchaser 
1 
85 .15 . 
84.06 
2 
84.07 
84 .33 
Percent pure 
3 
85.7 
Mean 
84.97 
84 .20 
As far as could be determined the two samples could have 
come from the same lot of seed. After the installation of 
the new motor and fan unit, four sub-samples frcm each 
original sample were drawn and tested. The data are pre-
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sented in table 4. The purchaser and vendor furnished 
samples 6 and 7, respectively, whose mean purities as deter-
mined were 85.7 and 87.3, or a mean difference of 1.6. On 
the basis of 87.3 for one test the tolerance formula of the 
A.O.S.A. would permit a difference of 2.94. The chi-square 
test gave a chi-square of 5.28 and a probability of about .03, 
which indicates some difference in the samples drawn by 
vendor and purchaser. The difference, however, might be 
due in part to sampling when many sacks are involved 8.nd 
is hardly great enough to justify a conclusion that the two 
samples could not have come from the same lot when the 
samples were drawn by different people and a large ship-
went is represented. It is evident, however, that the present 
blower unit is able to measure small differences in samples 
of bluegrass and can well be used in a further study of 
samples drawn by vendor and purchaser from the same ship-
ment. 
VARIATIONS IN GERMINATION OF BLUEGRASS SEED AND 
THE EFFECT OF SUBSTRATA 
Referee tests by the Research Committee of the A.O.S.A. 
in 1933, 1935 and 1936 indicated that wide differences fre-
quently occur in the percentage germination of bluegrass 
seed as reported by different seed laboratories. Brown and 
Porter (2) pointed out that differences in germination may, 
within limits, be compensated for by differences in purity. 
Up to a certain point, a higher germination may be obtained 
from the pure seed of a low purity test than from the pure 
seed of a high purity test when both tests are made with 
similar sub-samples. Extreme differences in germination 
of uniform samples cannot be accounted for on the above 
basis, rather the differences must be due, in part, to the 
method or substrata used. 
Preliminary experiments using sterile moist sand in petri 
dishes as the substrate for the germination of bluegrass seed 
indicated that a significantly higher number of normal seed-
lings was frequently obtained on top of moist sand than on 
top of filter paper. In order to test the use of sterile sand 
further, pure seed was obtained from each of 15 lots of blue-
grass seed. One sub-sample from each lot was used, the 
pure seed having been obtained by the modified method of 
purity analysis as described in this paper. 
In all trials, 4x100 seeds were used for the germination 
tests. Petri dishes 15x100 mm. were washed, dried and 
sterilized with dry heat in an oven. The sand used was 
Sample I 
number Percent 
normal 
1 
I 
79.8 
2 88.8 
3 81.8 
4 73.8 
5 
I 
81.5 
6 76.2 
7 76.0 
8 
I 
70.5 
9 82.5 
10 72.0 
11 71.0 
12 I 79.2 
13 64.5 
14 72.0 
15 81.8 
Total 1151.4 
Mea.n 76.8 
TABLE 5. GERMINATION OF BLUEGRASS SEEDS ON FOUR TYPES OF SUBSTRATA. 
Top sand 
I 
Top filter paper 
I 
Top blotters Comparison of sandi 
in copper trays and filter paper 
I I Percent I I Percent I I X' I P X' P normal X' P normal X' P 
3.44 
I 
.32 
I 
72.0 I 9.62 
I 
.03 I 
I 
\ 
6.56 .01 
I 6.31 .10 83.0 1.21 .70 85.8 1.22 .70 5.45 .02 4.48 .20 76.8 I 4.19 .25 3.06 .08 9.00 .03 I 73.8 4 .38 .23 76.2 2.14 .53 0 0 
I 13.07 .01 I 75.5 I 0.92 .82 2.91 .09 6.78 .08 76.2 2.47 \ .50 7.3.0 1.83 .6:; 0 0 3.73 .28 69.0 2.15 .55 4.91 .03 
8.61 .03 
I 
74.8 
I 
2.55 
I 
.48 1.82 .18 
\ 
I 
8.52 .03 85.0 0.16 .98 
I 
\ 
2.07 .15 
7.64 .06 79.2 0.41 .93 5.70 .017 I 
7.67 .06 65.0 1.14 .72 I 3.31 2.24 .52 70.8 I 3.13 I .36 7.71 
R.56 I .06 
2.12 .15 
6.16 .10 58.0 3.69 .30 
1.F8 . 62 76 .5 3.61 .30 
5.C8 .13 80.0 4.63 .20 Not computed 
95.21 lll5.6 44.26 
6.35 74.4 2.95 
Filter 
paper 
KN03 
.2'o/c 
70.2 
86.8 
77.2 
~ 
o 
~ 
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builders' river sand noticeably free of clay or organic mat-
ter. A 16-mesh sieve was used to screen the sand after 
which it was baked 5 hours over an electric plate. To each 
petri dish was added the amount of dry baked sand measured 
in a heavy watch glass twice full. The volume of sand was 
approximately 25.2 cc. and the weight was 47 grams. To 
each petri dish of sand, 10 cc. of distilled water were added 
after which 100 bluegrass seeds were placed on top of the 
moist sand by means of a round counter pJate operated by a 
vacuum pump. The cover to each dish was then replaced and 
all dishes kept in a dark germinator at 18°-20°C. from 4 :30 
p. m. to 8 :00 a. m. and in a daylight germinator (entire back 
of glass exposed to the east) from 8 :00 a. m. to 4 :30 p. m. 
each day. 
Sterile petri dishes were also used for the filter paper 
tests. Four thicknesses of filter paper saturated with dis-
tilled water were placed in each of the dishes which were 
kept under the same conditions of temperature and light as 
described for the sand test. Water was added at least twice 
to the filter papers during the 30-day period and oftener if 
necessary in order to maintain a saturated condition. Read-
ings of all tests were made on the fifth, tenth, fifteenth, 
twentieth and twenty-eighth days. 
Following the completion of each test the chi-square and 
probability values were computed for each quadruplicate. 
The complete data are given in table 5 from which it may be 
noted that the probability is less than .05 for 4 out of the 
15 tests on sand and for lout of the 15 on filter paper. The 
data as a whole show less uniformity of performance on sand 
than on filter paper, although in four instances the total 
germination on sand is significantly higher than on filter 
paper, and in only one instance did the filter paper give a 
significantly higher germination than on sand. Taken as a 
whole, the difference between the total sprouts obtained on 
sand and on filter paper is significant, in that out of 6,000 
seeds placed on each substrate, 4,600 sprouts were produced 
TABLE 6. VARIATION IN GERMINATION OF BLUEGRASS SEED ON TOP OF 
Semple 
number 
1 
2 
3 
4 
5 
6 
Mean 
MOIST SAND. 
N orma l sprouts by I I 
replication 
!-----,----.-----"-'pe==-r -=1c:.00;_-=seed~s___,__-~ Tota l 
2 I 3 I sprouts I Mean I X' 
-
I 79 
I 
76 84 85 I 324 81 I 3.51 I 83 77 76 78 I 314 78.5 1.72 I 77 86 83 75 321 80.2 4.97 74 I 72 73 79 I 298 74.5 I 1.53 I 90 96 91 95 I 372 93.0 4.06 92 I 88 88 94 362 90.5 3.14 I I I I ~.15 
P 
I .32 
I .63 .18 
I .68 .26 
I .35 
I .40 
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TABLE 7. GERMINATION OF BLUEGRASS SEED BY DAYS ON TWO 
DIFFERENT SUBSTRATA. 
'" 
Mean percentage germination 
"i3. in quadruplicate tests 
E Top sand I Top filoor paper d 1' 10 days I 15 days I 20 days I 28 days I 10 days I 15 days I 20 days I 28 days UJ 
1 63.5 I 76.0 79.2 
\ 
79.8 57.0 I 67.2 
I 
69 .7 72.0 
2 66._ I 86.5 88.5 88.8 60.2 1 78.0 80.5 83.0 3 71.8 79.5 81.2 I 81.8 64.2 73.2 75.5 76.8 
4 69.5 
1 
71.8 73.5 I 73.8 64.2 I 70.5 I n.o 73.8 5 73.2 78.0 81.& I 81.5 62 .. 5 70.0 73.5 75.5 6 69.2 I 74.2 75.5 I 76.2 69 .2 74.2 76.0 76.2 
7 65.0 I 72.0 75.0 I 76.0 55.0 I 62.0 I 66.0 69.0 
8 60.0 I 67.0 69.0 I 70.5 64.5 I 69 .. 5 I 73.0 74.S 9 75.0 I 80.0 82.0 I 82.5 73.5 I 82.0 82.0 85.0 10 60.S I 6S.0 70.5 I 72.0 60.8 
\ 
73.0 75.0 79.2 
11 61.0 I 66.S 68.0 I 71.0 52.0 59.0 I 61.5 6'5.0 
12 73 .2 I 76.8 76.8 I 79.2 59.S I 67.2 I 67 .2 70.8 13 52.S 59.S 62.5 
\ 
64.1> 39.5 
1 
52.0 
1 
54.8 ES .O 
14 63.2 I 71.0 71.0 72.0 64.0 72.0 74.5 76.5 
15 72.0 I 78.5 80.0 I 81.8 63.S I 72.0 I 75.2 SO.O 
Total I 997.0 \ 1105.9 1 1134 .2 \ 1151.4 910 .2 I 1041.8 I 1077.4 I 1115.6 Mean I 66.5 73.7 75.6 76.8 60.7 I 69.5 I 71.8 I 74.4 
Analysis of the above data by the 41tH test comparing the germination of each 
sample in sand and blotters gave highly significant difference. at 10 and 15 days 
and a significant difference at 20 days in favor of sand. The difference at 28 days 
was not significant. 
on sand and 4,461 on filter paper: The chi~square and prob-
ability values are 8.76 and .01, respectively, indicating the 
superiority of sand. 
The more uniform performance of bluegrass seed on filter 
paper than on sand may have been due to the fact that no 
water was added to the sand after the test was started, 
whereas water was added twice or more to the filter paper. 
In general practice it is necessary to add water once dnring 
the 28-day period to some of the dishes containing sand. If 
water is added once during the test period the resulting uni-
formity of performance on sand is well illustrated by the 
data in table 6, obtained from six service samples selected 
at random. 
Two other methods of germination were tried with a few 
sub-samples, namely (a) the substitution of .2 percent KN0 3 
for distilled water to moisten the filter papers and (b) the 
use of blotters in copper trays equipped with wicks as de-
'scribed in a previous paper (2). The data obtained are 
given in table 5. The mean germinations of samples 2, 4 and 
6 in sand, filter paper and copper trays are 79.6, 77.7 and 
. 78.3, respectively. The differences are not significant. The 
mean germinations of samples 1, 2 and 3 in sand. filter paper 
(H20) and filter paper (.2 percent KN03 ) are 83.5, 77.3 and 
78.1, respectively. The chi-square and probability values ob-
tained by comparing the total surouts in sand with those on 
filter paper moistened with KN03 E:olution are 11.4 and .01, 
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respectively. It may be concluded, therefore, that for the 
three samples in question, sand gave a significantly greater 
number of sprouts than either filter paper (H20) or filter 
paper (KN03 ). All samples used were tested at least 8 
months after harvest, hence the effect of KN03 on freshly 
harvested seed is not discussed. 
DURATION OF GERMINATION 'rESTS WITH BL1JEGHASS SEED 
The general practice in testing the germination of blue-
grass seed is to make the final reading at the end of 28 or 
30 days, which is a rather long period when a lot has been 
ordered for shipment. The samples whose viability are re-
corded in table 5 were read on the tenth, fifteenth, twentieth 
and twenty-eighth days after the test was started. For sev-
eral of the samples readings were made on the fifth day. The 
mean percentage germination of 15 bluegrass samples on 
sand and filter paper, each sample in quadruplicate, is re-
corded in table 7 from which it may be noted that, taken as 
a whole, the increase in normal sprouts obtained on top of 
sand in comparison with filter paper is a significant differ-
ence at 10, 15, 20 and 28 days. For all practical purposes the 
test on sand may be considered as complete at the end of 20 
days, and at the end of 15 days a reliable indication of the 
viability of the sample was obtained, at least for the non-
dormant samples as represented in the above tests. The 
performance of freshly harvested seed on top of sand has not 
been adequately investigated, although preliminary trials in-
dicate that sand provides a good medium for the germina-
tion of freshly harvested seed. 
DISCUSSION 
Purity analyses of bluegrass and other small seeded 
grasses with multiple florets have long presented a difficult 
problem because individual judgments of analysts as to what 
constitutes fertile or empty florets vary considerably. Cer-
tain florets are unquestionably either fertile or empty, others 
are frequently difficult to classify. It is the last mentioned 
class that is in part responsible for variations in purity re-
ports from different seed laboratories. Lack of "adequate 
training is another contributing factor toward non-uni-
fo~mity, but a number of referee tests conducted by the re-
search committee of the Association of Official Seed An-
alysts indicates that laboratories with well trained analysts 
frequently report purity percentages obtained from similar 
sub-samples far outside the range of natural variability. 
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Such differences must not be charged to inadequate training 
but to variations in judgment concerning the classification 
of questionable florets. Practically, it is less important to 
determine what is or is not a seed from the botanical stand-
point than it is to determine the seeding value, hence, the 
direct method of analysis described by Musil (5) has con-
siderable merit. Unfortunately some difficulties are in-
volved in the application of the Musil method to the labeling 
of seeds. It seems, therefore, that for the present at least 
an intermediate approach is desirable. 
The writer is of the opinion that the determination of ab-
solute purity in certain grasses is a practical impossibility 
because even well trained analysts apparently do not agree 
on the classification of certain questionable florets. In some 
samples these are sufficiently numerous to materially affect 
the percentage of pure seed, depending on how they are 
classified. 
A practical solution of the problem is of importance not 
only to the seed trade but to both official and commercial 
analysts. Any empirical method which gives a uniformly 
close approximation to the seeding value, measured in terms 
of purity and viability, should meet with some favor. The 
method described in this bulletin is suggested as such an 
empirical, applicable and practical method. 
The theory on which the experiments herein reported are 
based is that an air blast delivered by a constant speed motor 
and fan maintained at a fairly constant pressure if con-
tinued long enough will remove all infertile florets, except 
those attached to fertile ones and do it with more accuracy 
and less time than by human hands. Using the same reason-
ing, a slight increase in the air pressure should remove other 
florets that have the anthers enclosed, merely a shriveled, 
undeveloped ovary or a shriveled and immature caryopsis. 
Practically, it is difficult to distinguish between a floret that 
has a shriveled unfertilized ovary and one with an immature 
caryopsis. The question might well be raised as to how 
immature a caryopsis should be to be classed as infertile or 
inert, although according to the official rules, immature 
caryopses should be classed as pure seed. 
The gteate.r the air pressure the more light weight or 
questionable florets there are removed, hence, the static 
pressure of the air blast regulates the degree of separation. 
The important criterion therefore, is to determine at what 
opening of the dial or at what air pressure will the smallest 
number of infertile florets remain and the smallest number 
of fertile ones be removed. As a check on the accuracy of 
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se"paration a germination test of the inert fraction may be 
made, and if the number of normal seedlings obtained in the 
inert fraction is small no correction need be made. Actually 
the error involved in the proposed method is no greater than 
that which results from attempts to divide seeds on the basis 
of being half or more than half a seed as recommended in 
the rules of the A.O.S.A. 
The principal difficulties involved in the application of 
the proposed method to seed laboratory practice are: (a) 
Necessity for uniform equipment, (b) need for repeated cali-
brations to check the constant performance of the air blast, 
(c) the requirement that a standard piece of apparatus be 
installed in some laboratory as a control machine, (d) possi-
ble variations in voltage, (e) effect of altitude upon atmos-
pheric pressure, and (f) possible differences in the require-
ments for samples with high and low weights per bushel. 
N one of the above difficulties is impossible to solve. The 
first three could be easily met by proper organization and 
purchase of standard equipment; the fifth could be readily 
determined by comparative blowings of the same sample at 
different altitudes, and although experiments to date indi-
cate that the same pressure works equally well for samples 
weighing from 16 to 27 pounds per bushel, yet equipment 
for determining weight per bushel and a scale for blowing 
different quality samples could easily be developed. Prob-
ably the most difficult factor to be encountered is voltage 
variations, although, recent experiments by Leggatt (4) in-
dicate that the attachment of a manometer to the air blast 
so that pressure can be read at will and properly regulated 
is an effective control feature. The possibility of uniform 
separation of infertile and fertile florets by air pressure was 
suggested by Garman (3) in 1910. He stated, "One of the 
most laborious tasks involved in testing seeds for purity re-
sults from the difficulty of removing everyone of the small 
foreign seeds and the inert matter from the pure seeds. At 
first we adopted the bellows-blower worked by the foot, 
commonly employed in laboratories in getting an intense 
heat for burning organic matter from substances being an-
alyzed. The air blast obtained by this apparatus is not as 
completely under control as is desirable for nice work, a 
steady flow of air being wanted that may be varied to suit 
the weight of different materials to be removed from a 
sample. Our first change from the old apparatus was that 
of connecting with a compressed air motor operated by elec-
tricity in the basement, and already in use in the chemical 
laboratory. The difficulty of controlling the pressure nice-
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ly still remained, but was overcome by Mr. Vaughn of the 
Division, who introduced a mercury gauge registering a 
couple of pounds of pressure. With this gauge, it is pos-
sible to determine the pressure needed to remove impurities 
from the different seeds and afterward make use of the same 
pressure for all samples of one sort. The worker is thus not 
likely to leave in a part of several samples under comparison, 
impurities that are removed from others. It seems to me 
that if a standard gauge and blower of this sort could be 
adopted, it would contribute not a little toward uniformity 
of results among seed inspectors." 
It seems unfortunate that the idea proposed by Garman 
as worked out by Vaughn did not receive more attention. The 
present blower unit as illustrated in fig. 1 has been tested 
with a manometer and the pressure is remarkably uniform. 
Data bearing on this phase of the problem will be published 
subsequently. The data presented in tables 2, 3 and 4 could 
not have been obtained unless the air pressure developed by 
the fan used in the experiments had been reasonably con-
stant. The use of a manometer, however, would serve as a 
check on performance. Results such as those reported by 
Torpy, Sirrine and Toole (7), using air pressure alone to 
separate fertile and infertile florets, could on the basis of 
statistical calculation, be obtained only from one of two 
causes or both, (a) inconstant air pressure and (b) dissimi-
lar sub-samples of seed. The data shown in tables 2, 3 and 
4 indicate that the Boerner sampler subdivides in a reason-
ably uniform manner, hence, the variable results obtained 
by Torpy et al. must be due to inconstancy of air pressure. 
It is evident that no uniformity of results among seed 
laboratories in germination of bluegrass can be expected 
until a more uniform method of determining purity is 
adopted, because within reasonable limits, as has been shown 
by Brown and Porter (2), a high purity of a given lot results 
in a lower germination test than is obtained from a low purity 
test of the same lot. In conducting referee tests it has been 
impossible to determine to what extent germination differ-
ences are due to purity differences or to different germina-
tion methods employed. The data obtained by germination 
of the pure seed fractions from two random sub-samples, 
each from seven lots, and tested by the uniform method of 
procedure (table 4) definitely show that such fractions are 
strikingly uniform. 
The small advantage of sand over filter papers as a sub-
stratum for germination of bluegrass seed, the possibility 
of shortening the duration of test and the greater ease of 
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maintaining sufficient moisture in petri dishes containing 
sand indicate that sand may be a preferable medium. Labora-
tories which have difficulty with filter paper might well try 
the sand method. Anderson (1) has shown that different 
results are obtained when seeds of Foa compt'essa are ger-
minated on different substrata and further that the same 
sample may vary in germination at different periods of the 
year. The differences obtained in the experiments herein 
described by the use of different substrata could not be due 
to differences in time of year, because the tests in which 
two or more substrata are compared were made at the same 
time. No attempt has been made to refer to all the numer-
ous publications which deal with germination of bluegrass 
seed because the problem is primarily one of application of 
some method which will result in greater uniformity. Many 
laboratories obtain excellent results with small bell jars 
placed on top of blotters kept moist by wicks dipped in glass 
tumblers filled with water. The difficulty involved is one of 
transfer from low to high temperature and vice versa. In-
equality of light in different localities may also be a factor in 
. germination. The data herein presented merely show the 
relative comparison of sand with a method which has long 
been in use by many laboratories, namely petri dishes and 
moist filter papers. 
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